Summary.-Cultured rat liver cells induced a strong antibody response in syngeneic rats, directed against foetal calf serum components which were incorporated into the liver cell surface from the cell-culture medium. This antibody could be removed by absorption with liver cells or glutaraldehyde-fixed foetal calf serum. It is possible that the antigenic cross-reactivity observed in earlier studies with cultured cells treated with carcinogens could be due to this foetal calf serum component.
MOUSE fibroblasts undergoing malignant transformation in vitro following treatment with chemical carcinogens have been shown to gain new individually specific antigens analogous to those detected on tumours induced by carcinogens in experimental animals (Mondal et at., 1970; Heidelberger, 1972, 1975; Basombrio and Prehn, 1972) .
Although epithelial cells are less readily transformed in vitro, it has been reported that rat liver cells cultured for long periods could be transformed by a number of carcinogens (Williams et at., 1973; Montesano et al., 1973; Jype, 1974; Borenfreund et al., 1975) . Similarly epidermal cell transformation also has been demonstrated in vitro (Fusenig et al., 1973; Colburn et al., 1978) . However, unlike transformed fibroblasts, transformed epithelial cells do not show any early morphological changes which could be used for their identification or isolation. The possibility of early antigenic alterations during transformation of rat liver cells was investigated (Jype et at., 1973) and it was found that rat liver cells treated in vitro with Nmethyl-N-nitrosourea and the hepatocarcinogens 3'-methyl-4-dimethylamino- azobenzene and aflatoxin Bl gained a new common antigen shared by a number of carcinogen-treated liver cell lines. This antigenic change was different in specificity from those detected in different clones of transformed fibroblasts, and was observed in cells which had not undergone malignant transformation. Similar antigens have been detected on chemically transformed rat liver cells using absorbed rabbit antisera (Yokota et al., 1978) . In the present study, we have further investigated the nature ofthese neoantigen(s) to find out whether they are the resultant of cell culture conditions (and therefore trivial and unrelated to the in vivo situation) or related to some ofthe early changes in hepatocarcinogenesis in vivo.
MATERIALS AND METHODS
Liver cells.-Liver cell cultures were established from male WAB/Not rats and were maintained as permanent cell lines in monolayer culture using Ham's FIO medium supplemented with 10% foetal calf serum (lype, 1971; Jype et al., 1973) . Two control lines, RL 16 from the liver of an adult rat and another, NRL 11, from the liver of a 10-day-old rat were used in these experiments. These cell NCI Frederick Cancer Research Center, P.O. Box B, lines had been in culture for 120-150 days (subculture 17-22) and were stored frozen before these experiments. Primary cultures were also used in this study and they were prepared using the collagenase and hyaluronidase perfusion method described earlier (lype, 1971 ).
Carcinogen treatment.-N-Methyl-N-nitrosourea (MNU) was dissolved in Ham's FIO at 1 mg/ml, sterilized by membrane filtration and diluted in Ham's FlO to give a concentration of 100 pg/ml (Jype et al., 1973) . Cells were exposed to this medium for 48 h.
Rats. Three injections were given at weekly intervals and one week after the final injection the rats were bled by cardiac puncture. Rats were also immunized against foetal calf serum (FCS), 0 25% trypsin in HBSS or rat cx-foetoprotein (20 pg), using 0-2 ml of immunogen emulsified with Freund's complete adjuvant injected i.p. New Zealand white rabbits were immunized with rat afoetoprotein and Freund's adjuvant i.m., using the same dose as the rats. Three inoculations at weekly intervals were given throughout, and the animals bled one week after the third injection. Serum was collected from clotted blood and stored at -20°C.
Membrane immunofluorescence test.-Antibody reacting with the liver cells was detected using a membrane immunofluorescence test Heidelberger, 1972, 1975) . Cells were detached from the dishes using trypsin and washed twice in HBSS, and aliquots of 106 cells were incubated for 15 min at 20°C with 0-1 ml of serum. The serum was then removed and the cells washed x 3 in 0 5 ml HBSS. The cells were incubated for 15 min in 0-1 ml of a 1/20 dilution of FITC-conjugated rabbit anti-rat IgG (Wellcome). After removal of fluorescent antibody the cells were again washed x 3 and suspended in 0 1 ml glycerol: PBS (1: 1). The cells were examined under a fluorescence microscope using transmitted blue light illumination. Immunodiffusion.-Precipitating antibodies against protein antigens were detected by the Ouchterlony double diffusion method using 1 central well and 6 outer wells cut in 1% agarose in 10 cm glass Petri dishes. The plates were allowed to develop for one week at 4°C in a humidified chamber before scoring.
Serum absorption.-Serum absorption by liver cells was accomplished by incubating 2 x 107 suspended cells in 0-1 ml serum for 2 h at 4°C, followed by removal of cells by centrifugation.
Serum was also absorbed with glutaraldehyde cross-linked foetal calf serum (FCS) using 0.3 ml FCS gel per 0-1 ml serum, for 2 h at 4°C. The FCS gel was removed by centrifugation.
RESULTS AND DISCUSSION
Antibody activity against cultured rat liver cells Sera from rats immunized with either untreated or methylnitrosourea (MNU)-treated cells were tested for reactivity against the immunizing cells and also against other cultured rat liver cells (Table  I ). The sera were highly reactive, producing strong equatorial staining of virtually all cells. In comparison, normal rat serum gave only weak "point" staining of less than 5 % of cells. When liver cell antisera were used, all cell lines showed crossreactivity, whether they were MNUtreated or untreated, or transformed (i.e, capable of growth in soft agar).
It was reported earlier (Jype et al., 1973) (Table II) . This suggested (a) that the antibody responses were induced against some factor associated with cell culture and (b) that the activity was not due to nonspecific cell receptors (e.g. Fc receptors) binding rat globulin. The latter possibility was also discounted because normal rat serum or aggregated y-globulin caused no immunofluorescence reactions. A panel of multiparous rat sera was also negative, so it was considered unlikely that the antigen(s) detected on cultured liver cells were foetal antigens, either present in the cells from the 10-day-old rats or re-expressed on the adult liver cells during cell culture. However, antisera were prepared against rat o-foetoprotein. In addition, antisera were prepared against the tissue culture reagents trypsin and foetal calf serum (FCS), to which the cells were exposed both before immunization and before testing. These antisera were tested against cultured and freshly isolated cells, as shown in Table III . The only positive reaction obtained was between cultured NRL 11 cells and anti-FCS antiserum. Cultured RL 16 liver cells and a soft agar clone from a spontaneously transformed cell line (NRL 11 SAC) did not react with the anti-FCS serum (Table III) . However, when sera against various cultured liver cells were tested by immunodiffusion against FCS they were all strongly positive (Table IV) . The same sera did not react against AFP, and anti-AFP sera did not react against liver cell homogenates or culture supernatants. It thus appeared that reactivity against cultured liver cells was directed at Support for this conclusion was provided by two further pieces of evidence. First, when antiserum to cultured rat liver cells (N 2A) was tested against completely unrelated rat and human tumour cells cultured in medium containing 10% bovine serum, significant reactivity was observed against most of these cells (Table V) .
Secondly, absorption twice with glutaraldehyde-fixed FCS removed most of the antibody reactivity against cultured rat liver cells (Table VI) dium for up to 48 h or vigorous washing did not lower the reactivity of unabsorbed serum, so the FCS components must have been strongly incorporated into the cell membrane. Attempts were made to grow cells in medium containing 10% normal rat serum instead of FCS, but only the transformed cells were capable ofsurviving in this medium.
Similar reactivity to heterologous serum proteins has been suggested to account for non-specific antibody reactivity against other cultured cells (Irie et al., 1974; Phillips & Perdue, 1977) . In the present study the strong reactivity was due to immunization of the antiserum donors with cells bearing surface FCS components which were too strongly bound to be removed by washing. The common antigens observed in earlier studies on carcinogentreated or transformed liver cells (Jype et al., 1973; Yokota et al., 1978) could also be due to adsorbed FCS. Yokota et al. (1978) showed no loss of antibody following absorption of antiserum with 20% by volume of FCS, but this procedure was completely inadequate in our studies where two consecutive absorptions with 3-fold volumes of glutaraldehyde-cross-linked FCS were necessary to effect antibody removal. In view of the propensity of rat liver cells to incorporate heterologous serum proteins on the cell surface, it is suggested that any future immunological studies on carcinogen-treated cultured liver cells will either have to be carried out in vivo, or new culture methods will have to be devised.
